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Synthesis of 2,2’-Biimidazoles as Selective Hydrogen Bond Donating Anion Receptors
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Kenyon College, Summer Science 2004
Abstract
The clean and efficient synthesis of 5-propyl-1H-imidazole-4-carboxylic acid amide was
completed in the synthetic process of forming 2,2'-biimidazoles with sulfonamide functional
groups at the 4- and 4'-positions (Figure 1). The proposed synthesis for the formation of
2,2'-biimidazoles with sulfonamide functional groups was completed through the formation of
5-propyl-1H-imidazole-4-amide with an overall percent yield of 12.6%.
Introduction
Molecules with selective anion binding abilities have been used as anion detectors and as devices for
removing anions from solution. Oxo-anions are of particular interest due to their roles in nuclear waste and
the creation of nuclear weapons. In the 1950’s sulfuric acid was once used to dissolve used radioactive
material, and now the oxo-anion sulfate causes problems with storage. The U.S. government has
strategized the containment of the nuclear waste in borosilicate glass blocks; however, sulfate reduces the
solubility of the nuclear waste by 20% and does significant damage to the machinery. Development of a
selective anion receptor could be used to remove the sulfate from the solution, thus reducing the amount of
borosilicate needed to store the same amount of nuclear waste. Pertechnetate is the water soluble form of
radioactive element technetium, and is a byproduct of the creation of nuclear weapons. This otherwise rare
compound readily finds its way into streams and rivers around the site of nuclear testing and creation. Thus
if a compound could be created to selectively bind to pertechnetate, the creation of nuclear weapons could
be determined by testing the water surrounding the believed creation site.
Results and Discussion
The synthesis of the proposed group of biimidazoles was continued throughout the
summer, and will be continued throughout the school year. A problem in the synthesis
arose when trying to form 5-propyl-1H-imidazole-4-carboxylic acid amide from 5-
propyl-1H-imidazole-4-carbonyl chloride. The complications were not anticipated, and
were difficult to solve as an acid chloride functional group is extremely reactive. Many
different reactions were attempted to obtain a significant yield the amide imidazole,
some even using 5-propyl-1H-imidazole-4-carboxylic acid ethyl ester as a starting
material. The first attempts used ammonium hydroxide as a reagent, but the water also
performed a nucleophilic attack, resulting in a carboxylic acid functional group. In later
attempts gaseous ammonia was bubbled through -78°C methanol to eliminate the
formation of the carboxylic acid, however, the methanol also attacked the acid chloride.
Other attempts used the carboxylic acid imidazole as a starting material and sodium
cyanide as a catalyst for the formation of the amide from either ammonium hydroxide
or liquid ammonia. The formation of the amide functional group is completed by
reacting the acid chloride imidazole with only liquid ammonia in a closed pressure flask
at 50°C (~200psi) for several hours, and then dissolved in water and ethyl acetate. The
acidic product is then neutralized and forced into the organic phase by saturating the
aqueous phase with sodium bicarbonate. This synthesis yields a clean amide product,
the two amide protons visible in a proton NMR in DMSO. The products were
characterized using a variety of techniques, including 1H NMR, 13C NMR, COSY
NMR, IR spectroscopy, TLC’s, hydroxamate chemical tests, and mass spectroscopy.
The next step for the synthesis of sulfonamide biimidazole is to reduce the amide
functional group to an amine using LiAlH4 as a reducing agent. This reaction has been
performed, however, a clean, and pure product has yet to be obtained and
characterized. After the reduction of the amide, the sulfonamide functional group will be
made and then the imidazole will be dimerized to form a symmetrical biimidazole. The
product will also be crystallized to obtain x-ray crystallography to ensure its
construction. The product’s affinity for different anions will then be tested to determine
the various binding constants.
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